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DETAILED ACTION 
Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1, 4, 5, 8, 9, and 12-16 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Applicant's Admitted Prior Art (APA) in view of Min et al. (Applied 
Physics Letters Vol. 75, Number 11, 1999) and Chung et al. (U.S. 2003/0108674). 

Regarding claims 1 and 13-16, APA teaches a method for forming a barrier metal 
of a semiconductor device, comprising forming an insulating layer on a semiconductor 
substrate and forming a contact hole opening in the insulating layer (instant 
specification pg. 2, line 15 - pg. 3, line 2). APA does not teach forming a TiSiN layer 
having a desired thickness by repeatedly performing a process of forming a TiSiN layer 
having an atomic layer thickness in a reaction chamber, wherein the process of forming 
a TiSiN layer having an atomic layer thickness comprises performing deposition of a Si 
layer inside the opening and on the insulating layer using an atomic layer deposition 
process, discharging a gas remaining in the reaction chamber by using an inert gas, 
performing deposition of a certain precursor layer on the Si layer, and discharging a gas 
of precursor material remaining n the raction chamber by using an inert gas; and 
performing plasma processing for the TiSiN layer so as to remove impurities contained 
in the TiSiN layer. 
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Min et al. teaches a method for forming a barrier metal of a semiconductor 
device, comprising forming a TiSiN layer having a desired thickness by repeatedly 
performing a process of forming a TiSiN layer having an atomic layer thickness (pg. 
1521, paragraph 2) in a reaction chamber, wherein the process of forming a TiSiN layer 
having an atomic layer thickness comprises performing deposition of a Si layer inside 
the opening and on the insulating layer using an atomic layer deposition process, 
discharging a gas remaining in the reaction chamber by using an inert gas (argon — 
further limited by claim 16; pg. 1521, fourth paragraph), performing deposition of a 
certain precursor layer on the Si layer (pg. 1521, paragraphs 2-4; Min et al. teaches a 
cyclical MOALD technique of sequentially supplying TDMAT, SiH 4 , and NH 3 to provide 
sequential Ti-Si-N layers. By the second cycle, TDMAT is deposited on top of the first Si 
layer, which is on top of the substrate, as required by instant claim 1), and discharging a 
gas of precursor material remaining in the reaction chamber by using an inert gas 
(argon— further limited by claim 16; pg. 1521, fourth paragraph). Min et al. does not 
teach plasma processing the TiSiN layer to remove impurities. 

Chung et al. teaches plasma processing a TiSiN layer to decrease the resistivity 
of the layer (paragraph 0041). Chung et al. does not expressly teach that this plasma 
processing removes impurities, but does teach using a combination of nitrogen and 
hydrogen, the same plasma disclosed by Applicant in lines 12-20 of page 9 of the 
instant specification to reduce CH-based impurities. It is therefore inherent that the 
plasma processing taught by Chung et al. also has the effect of removing impurities 
from the TiSiN layer. 
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Therefore, at the time of the invention, it would have been obvious to combine 
the teachings of APA and Min et al. to form an insulating layer on a semiconductor 
substrate and form an opening in the insulating layer, as taught by APA, and then use 
the MOALD technique taught by Min et al. to deposit a TiSiN layer having a desired 
thickness. The motivation for doing so at the time of the invention would have been 
because MOALD techniques achieve near-perfect step coverage and can control 
precisely the thickness and composition of grown films, which is important when 
providing copper barrier diffusion materials to small-scale semiconductor devices, as 
expressly taught by Min et al. (pg. 1521, paragraphs 1 and 2). 

It would further be obvious to combine the teachings of Chung et al. with the 
combined teachings of APA and Min et al. to plasma-process, using a plasma 
processed under an atmosphere of a nitrogen gas and a hydrogen gas, the TiSiN layer 
to remove CH-based impurities— further limited by claim 13. The motivation for doing so 
at the time of the invention would be to lower the resistance of the TiSiN layer, as 
expressly taught by Chung et al. 

Regarding claims 4, 5, and 8, APA, Min et al., and Chung et al. together teach 
the method of claim 1 . Min et al. further teaches that the Si layer is deposited using an 
SiH 4 gas and that the precursor layer is formed by TDMAT (pg. 1251, paragraph 2). 

Regarding claims 9 and 12, APA, Min et al., and Chung et al. together teach the 
method of claims 5 and 8. Chung et al. further teaches using atomic layer deposition to 
form a layer of TiSiN using TDMAT as a precursor (paragraph 0070) at a temperature 
ranging from 350 to 450°C (paragraph 0031). 
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Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to use the method taught by the combined teachings of APA and 
Min et al., and further use a temperature ranging from 350 to 450°C, as taught by 
Chung et al., since Chung et al. demonstrates that this temperature range is known in 
the art of semiconductor processing to be a effective for atomic layer deposition of TiSiN 
using TDMAT as a precursor. 

Allowable Subject Matter 

Claim 17 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Prior art does not teach or suggest, in combination with the other claimed 
limitations, an ALD technique of forming a TiSiN layer having an atomic layer thickness 
at a pressure between 90 and 300 Torn Min et al. teaches a pressure of 1 Torr (133 
Pa). 

Response to Arguments 

Applicant's arguments regarding claims 1, 4, 5, 8, and 13-15 filed 11/22/2005 
have been fully considered but they are not persuasive. 

Applicant argues on page 4 that Min et al. does not disclose or suggest 
discharging gas remaining the reactor or discharging a gas of precursor material 
remaining in the reaction chamber by using an inert gas. 
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However, this argument is not persuasive because, as pointed out by Applicant, 
Min et al. does teach using argon, an inert gas, between each reactant gas pulse to 
isolate the reactant gases from each other. In order to effectively isolate one gas from 
another in a cyclic process, each gas must be purged from the reactor before the next is 
introduced. Min et al. discloses using argon to perform this function. 

Applicant's arguments regarding the reference Chen et al. (U.S. 6, 596,643) have 
been considered but are moot in view of the new grounds of rejection. 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Heather A. Doty, whose telephone number is 571-272- 
8429. The examiner can normally be reached on M-F, 8:30 - 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl Whitehead, Jr., can be reached at 571-272-1702. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 



Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). irf / , / 



Conclusion 



273-8300. 





